Cmnpijlobacfer are important human foodbornc pathogens known to colonize the gastrointestinal tract of cattle. The incidence of Caiupti/obacfer in cattle may be seasonal and may vary among age groups and type (beef versus dairy). Less is known about other factors that could influence the prevalence, colonization site, and shedding of Cam pi/lollacter in cattle. The objectives of this study were to evaluate the prevalence and enumerate Camp ylobacter at two sites along the digestive tract of beef and dairy type cattle consuming either grass or feedlot diets. In an initial study, Camp ylobacter was not recovered from rumen samples of any of 10 rurninally cannulated (six dairy and four beef type) pasture-reared cattle and there was no difference (p > 0.05) between cattle types on fecal Camp ylobacter recovery, with 50% of each type yielding culture-positive feces (overall mean ± SE, 0.75±0.001 SEM Iog I o) colony-forming units [CFU]/g feces). When calculated from Canipylobacter culture-positive animals only, mean fecal concentrations were 1.50±0.001 SEM log 10 CFU/g. In a follow-up study with feedlot and pasture-reared cattle (ii = 18 head each), 78% of rumen and 94% of fecal samples from pastured cattle were positive for Campi1obacter while 50% of the rumen and 72°/h of the fecal samples were positive in concentrate-fed animals. Overall mean concentration of Cninpijlobacter was greater in feces than ruminal fluid (p <0.05). When only Campylohacterpositive animals were analyzed, concentrations recovered from feces were higher (p < 0.05) in concentratefed than in pasture-fed cattle (4.29 vs. 3.34 log to CFU/g, respectively; SEM = 0.29). Our results suggest that the rumen environment and its microbial population are less favorable for the growth of Cam pylobacter and that concentrate diets may provide a more hospitable lower gastrointestinal tract for Campy/obacter.
Introduction
C AMPYLOHACTEI? INFECTIONS are one of the most common bacterial causes of bacterial gastroenteritis worldwide (Allos, 2001 ). In the United States alone, Cam pitlobacter is responsible for 37% of the confirmed bacterial infections among 10 FoodNet surveillance sites resulting 572 KRUEGER ET AL. 2003; Harvey et al., 2004) . Although cattle are predominantly colonized by C. jejuni, C. coli has occasionally been isolated (Stanley et al., 1998; Wesley et al., 2000; Beach et al., 2002) .
The incidence of Campylobacter spp. in cattle has been reported to be seasonal and to vary among age groups, sex of the animal, and possibly animal type (beef versus dairy) (Grau, 1988; Stanley et al., 1998; Wesley et al., 2000; Bae et al., 2005; Oporto et al., 2007) .
The few studies which have examined the prevalence and concentration of Canipy!ohacter spp. at different gastrointestinal sites in the bovine carrier have found that Camp ylobacter reside less frequently and at lower concentrations in the rumen than the lower gastrointestinal tract (Grau, 1988; Stanley et al., 1988; GutierrezBañuelos etal., 2007) . Grau (1998) suggested that Carnpylobacter do not grow well within the rumen and that their presence there likely was the result of recent ingestion, however, no explanation was offered as to why the rumen environment would be less hospitable to the growth of Cam py!obacter than the lower gut. Additionally, knowledge gaps exist regarding other factors that could influence the intestinal prevalence, colonization site, and shedding of Campylohacter in the bovine carrier. The objectives of this study were to evaluate the prevalence of and enumerate Camp rjlohacter at two sites along the digestive tract of beef and dairy cattle consuming grass or concentrate diets.
Materials and Methods

Cattle sampling
The first study utilized ruminally cannulated dairy cows (ii = 6) and beef steers (ii = 4) for the collection of ruminal fluid and feces for Cam pylobacter isolation and enumeration. All 10 animals were grazed together within approximately 20 acres of grass pasture (mixed bermudagrass species) typical of a continuous grazing system. In the second study, 18 mixedbreed beef steers allowed ad libitum access to a concentrate diet (on as-fed basis 20% ground milo, 31.25% ground corn, 9% cottonseed meal, 25% cottonseed hulls, 10% molasses, 3% vitamin/ mineral premix, 0.25%) ammonium chloride, and 1.5% RumensinTM [Elanco Animal Health, Greenfield, IN] ) and 18 dairy steers continuously grazed together on approximately 24 acres grass pasture (mixed bermudagrass species), were available for sampling and subsequent Cain pielobacter isolation and enumeration. Each animal served as an experimental unit. Ruminal fluid samples were obtained via cannula (Study 1) or via clean specula and stomach tubes (Study 2) into separate 30 mL serum vials which were fitted with a butyl rubber stopper and sealed. Samples were collected between 08:00 and 10:00 in both studies. Fresh fecal samples were obtained via rectal palpation with gloves being changed between samplings. Fecal samples were placed in zip-top bags and sealed. Beef and dairy steers were sampled on different days.
Bacterial culture
Ruminal fluid and fecal samples were transported to the lab the same morning of collection where they were serially diluted (10-fold) in 0.1 M phosphate buffer, pH 6.5, plated (0.1 mL volumes) to a final dilution of 10 to 10 6 to Campy-Cefex agar (Stern et al., 1992) and incubated microaerobically (42 C, 48 hours, 5% 02, 10/ CO2. and 85% N2). Additionally, 1 mL of ruminal fluid and 1 g of feces from each animal were enriched in lOmL Bolton's broth at 42C for 24 hours and were then plated to CampyCefex agar. Colonies exhibiting typical Campilobacter morphology on the selective media were counted after 48 hours of incubation at 42"C under microaerophilic (5% 02, 10% CO2. and 85% N2) conditions. Twenty characteristic Cain pylobacter colonies were randomly picked from samples originating from ii forage-fed and from nine grain-fed steers in the second study, streaked for further isolation and saved back in CryoCare beads (Key Scientific Products, Round Rock, TX) which were frozen for later polymerase chain reaction (PCR) differentiation. Because C. jejuni is most frequently encountered in cattle, we initially screened the isolates using primers for detection of the ceuE gene of either C. jejuni (793 bp) or of C. coIl (894 hp) (Gonzalez et al., 1997) . Procedures for DNA extraction and PCR amplification were carried out according to . Additional primers to identify C. jefuni 7, , M CAMPYLOBACTER IN PASTURED AND FED CATTLE 573 including those targeting the map A (On and Jordon, 2003) , cadF, and cen genes as well as a 160-bp product unique to C. jejuni (Cloak and Fratamico, 2002) . Field isolates which were not identified as either C. /t'juni or C. coil were then screened with primers targeting the 16S rRNA gene of Cam pyiohacter, as described by Linton et al. (1996) . In addition, genomic DNA of four field isolates which were not identified as Campiobacter were screened with the Arcobacter multiplex PCR (Harmon and Wesley, 1997) . This format amplifies both the 16S rRNA gene of Arcobacter ( 1223 bp) and the 23S rRNA gene of A. but-Jeri (686 hp).
Statistical analysis
Data were analyzed using SAS Version 9.1.3 (SAS Institute, Cary, NC). Cain ptjlobactcr counts, log l() CFU/g contents, were subjected to ANOVA appropriate for a completely randomized design experiment. To further separate differences among sample site means, the PDTFF statement was utilized. Tests for differences in proportions of Cam piiobacter culture-positive steers was accomplished using a two-tailed Fisher's exact test for small sample sizes (Statistix ®8; Analytical Software, Tallahassee, FL). Differences were considered significant at a 5% level of significance.
Results and Discussion
Cattle harbor Canipylobacter within their gastrointestinal tract (Munroe et al., 1983; Garcia et al., 1985; Manser and Dalzel, 1985; Oporto et al., 2007) but factors affecting the microbe's distribution and the ecology of this organism in ruminants reared in differing production settings are not clearly defined. Consistent with these earlier reports, we readily isolated Campylobacter from feces of both beef and dairy type cattle in both studies (Tables 1 and 2) . Additionally, in the first study we found that for these cattle corningled together within the same pasture, there was no difference (p >0.05) in Cam piiobacter prevalence attributed to animal type, with 50% of the four beef and six dairy cattle each yielding Cam pylobacter-positive fecal specimens (Table 1) .
Cam pylobacter was not recovered from ruminal fluid of any of the cattle in the first study (Table 1) , which supports the suggestion by Grau (1988) and observations of others that this site is potentially less hospitable for Cam pylohacter than more distal gastrointestinal sites (Grau, 1988; Stanley et al., 1998; GutierrezBañuelos et al., 2007) . Inglis et al. (2005) reported that C. jejuni preferentially colonized the duodenum and jejunum of beef cattle, with C. jejunispecific DNA being associated with tissues and digesta from these sites and associated only with digesta in more distal sites. Cam pi,'lohacter jejuni has also been readily recovered from the liver, gall bladder, and lymph nodes as well as from the small and large intestine (Garcia et al., 1985; Saito et al., 2005; Enokimoto et al., 2007) . It is reasonable to suspect that the stratified rumen epithelium (Graham and Simmons, 2005) lacks the necessary receptors to sustain persistent high-level colonization; however, other ecological factors such as an inhospitable rumen 'Mean concentrations calculated from individual concentrations measured in all animals. Individual concentrations for animals yielding Camnptilabocti'rpositive cultures only by enrichment were assigned a value of 1.5 log i c CFU/mL, those yielding no detectable Caniplalmnch'r were assigned 0 log 10 CFU/mL (Carrier of al., 1995 Overal1 mean concentrations calculated from individual concentrations measured in all 18 mixed-breed beef type steers on concentrate based feedlot diet and all 18 Holstein steers grazing bermudagrass pasture available for this study. Individual concentrations for animals yielding Camplobacter-positive cultures only by enrichment were assigned a value of 1.5 log 10 CFU/mL, those yielding no detectable Canipylobacter were assigned 0 logi o CFU/mL (Corner et (7L, 1995 (Paster at al., 1993) may limit Cam pylobacter in this habitat. Moreover, growth of C. jejuni is enhanced in the presence of an increased H 2 concentration (up to 10%) which is oxidized by an uptake hydrogenase to generate electrons for the reduction of terminal electron acceptors such as 02 and fumarate (Borden, 2004) . Accordingly, it is reasonable to hypothesize that the high affinity H2-oxidizing enzymes of ruminal methanogens, which maintain a very low partial pressure (<0.1 kPa) of H2 (Thauer et at., 1977) may render this substrate unavailable for C. jejuni. Cam pylobacter was recovered from rurninal fluid in our second study with 78% of grazing dairy steers (14 of the 18) and 50% of concentrate-fed beef steers (9 of the 18) yielding positive cultures ( Table 2) . Unlike those animals sampled via ruminal cannulae in our first study, ruminal fluid was collected from the cattle in our second study using a stomach tube. Whether the different sampling methods contributed to the differential recovery rates is indiscernible from the present data sets; however, Cain pylobacter were not recovered from steers similarly sampled via stomach tube in the study of Gutierrez-Bañuelos at at. (2007) . By comparison, Camp ylobacter was recovered from feces of 94% of grazing steers (17 of the 18) and 72% of concentrate-fed steers (13 of the 18). In the second study, fecal prevalence did not differ (p > 0.05) between the two groups of cattle. This conflicts with earlier reports of higher prevalence in feedlot cattle (58% and 30%) than in pastured cattle (2% and 5%) (Grau, 1988; Bailey et at., 2003) .
The pasture-fed cattle in the second study were a research herd that had the year before been fed in a feedlot and it is possible that this contributed to the high prevalence in both the rumen and lower gut of these cattle. The prevalence of Campylobacter in the second study was higher than those reported by others, which ranged from 6% to 68% depending on age, production setting, and length of time in feedlot (Garcia at at., 1985; Wesley at at., 2000; Beach et at., 2002; Bailey et al., 2003; Sato at al., 2004; Besser et at., 2005) . The high prevalence seen in this study could potentially be attributed to the seasonal effect of Cain pylobacter spp. (Stanley at at., 1998) , as the sampling period for this experiment occurred during the late spring months (May to June).
Representative isolates from the cattle in the second study were tested by PCR and all from the concentrate-fed cattle (nine of nine) and 63.7% from the pastured cattle (7 of 11) were identified as C. jejuni. This agrees with earlier studies indicating that C. jejuni is the predominant CmiipjIobacter species in cattle (Garcia at al., 1985; Grau, 1988; Stanley at al., 1998; Wesley at al., 2000; Beach at a!,, 2002; Oporto at al. 2007 ). Nucleic acid extracted from the four non-C. jejuni isolates obtained from the pastured cattle did not amplify with primers specific for Cainpylobactar spp. indicating that these isolates were not Cain pit/obacter and thus it is possible that our enumeration of Camp ylobacterlike organisms in ruminal contents and feces from these animals may be an overestimate. In addition, these four isolates were not Arcobacter, based on their failure to amplify with primers targeting the 16S rRNA of that genus.
Overall mean concentrations of Cainpylobacter calculated from measurements of all animals (including those deemed to be Cam piilobacterculture negative) were lower (p <0.05) within the ruminal fluid than in feces of both sets of steers in the second study (Table 2 ). This suggests that, while not as favorable as the lower gut for maintenance of Camp ijiobacter, the rumen environment is not completely devoid of this organism. Overall mean concentrations of Cain pijlohacter in the ruminal fluid samples were higher ( p <0.05) for steers grazing bermudagrass pasture compared to those on the concentrate diet (2.16 and 1.23 lo-10 CFU/g, respectively; SEM=0.31) ( Table 2 ). The proportion of Cainpy!ohacter-positive rumen samples was higher in the pasture-fed (78%) than in the concentratefed animals (50%). Although the proportions did not differ significantly (Table 2 ; p> 0.05), the number of steers exhibiting Cam pj!obacternegative ruminal fluid samples disproportionately influenced the overall means. For instance, analysis of ruminal fluid concentrations only from steers yielding Camp y!ohacter-positive direct or enrichment cultures revealed that the difference in concentrations between pasturereared and concentrate-fed steers was diminished (2.77 and 2.45 log l o CFU/g, respectively; SEM=0.16), due to removal of noncolonized animals yielding 0 CFU/g from the analysis, and was not significant (Table 2 ).
In the case of fecal Cam ptj!obacter concentrations, overall means did not differ (p >0.05) between pasture or concentrate-fed steers (3.16 vs. 3.10 CFU/mL, respectively; SEM = 0.43) ( Table 2) . However, when steers yielding Campi!obactar culture-negative feces were removed from the analysis the pattern among the rein aining Cain pilobacter-positive steers changed with concentrate-fed steers harboring higher concentrations than the pasture-fed steers (4.29 vs. 3.34 CFU/mL, respectively; SEM = 0.29) ( Table 2 ; p <0.05). This later analysis concurs with earlier reports that the incidence of Campylohacter is higher in concentrate rather than forage-fed cattle (Grau, 1988; Bailey at al., 2003) . The concentrate-fed steers in this study received a typical feedlot finishing diet which contained added rumen nondegradable protein (to enhance lower tract amino acid availability) and the ionophore antibiotic, monensin, which increases production efficiency by inhibiting gram-positive amino acid-fermenting bacteria (Callaway at al., 2003) . Canipy!ohacter jejuni is insensitive to monensin and thus its use could selectively inhibit competing bacteria and increase the availability of amino acids to the lower gut which, as discussed earlier, could favor the growth of
Whereas Cam pylobacter concentrations in feces of concentrate-fed animals was still higher (p < 0.05) than in ruminal fluid when only Cain pylobacter-positive animals were analyzed, the level of significance was diminished (p = 0.07) upon similar comparison of fecal and ruminal concentrations of Cain pij!obacter-positive pasture-fed steers (Table 2) .
Conclusions
The two studies were conducted with beef and dairy animals. Results from our initial study, while limited in number of cattle tested, found no difference in either Cain pij!obacter prevalence or gut concentration between beef and dairy cattle grazing the same pasture suggesting that observations of differential colonization rates between beef and dairy cattle (Stanley at a/., 1998; likely reflect other factors such as diet, husbandry practices, or farm. In our second study we found that while Camp ylobac tar prevalence did not differ, fecal Cam pijlobacter concentrations in culturepositive animals was nearly 10-fold higher in steers on feedlot diet. A limitation of our followup study is that observations were made from dairy steers on pasture and beef steers on concentrate diets and thus the effect of diet is confounded by other variables such as animal type and farm location. Earlier reports of higher Camp ylohacter prevalence in concentrate-fed than in forage-fed cattle (Grau, 1988; Bailey etal., 2003) and that C. jejuni prevalence increased in fed cattle from 1.6% near or upon entry to the feedlot to 63% near the finishing period (Besser et al., 2005) were made from samples collected from cattle of unspecified breed types of differing farm origin, age, and stocking densities. However, when considered together and along with the results from our initial study, suggesting no effect of animal type on Camp bacter prevalence or fecal concentration, the consensus results of our two studies support to the concept that concentrate diets may contribute to higher carriage of Cain pylobacter. Additional results presented here coincide with others that Cain pi,ilobacter is less prevalent and/ or at lower concentration in the rumen of the bovine species when compared to the lower gut (Grau, 1988; Stanley et al., 1998) , which suggests that either the pre-gastric rumen environment or the microbial population therein is less hospitable to the growth and maintenance of Cainpylobacter than post-gastric intestinal sites. The small intestine and gall bladder have also been reported to harbor Cainpylobacter, with recovery rates equivalent to or greater than from feces (Garcia et al., 1985; Stanley et al., 1998; Açik and çetinkaya, 2005) .
Hypotheses regarding potential differences between the rumen and lower gastrointestinal environments, such as differential presence of epithelial surface receptors and availability of and competition for energy substrates such as hydrogen and amino acids, have been presented but not yet tested. Future research focused on elucidating why Campylohacter may be more competitive within the lower gut environment and in concentrate-fed cattle may reveal potentially exploitable physiological processes to reduce the prevalence and presence of Caiiiptilobacter in the bovine species.
